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New parallel Proof-Number Search outperforms previous Sprouts solvers by 10,000x

PROOF-NUMBER SEARCH (ALLIS, 1994)

Search algorithm for solving combinatorial games (Checkers).
Expands MPNs towards shortest proof via proof numbers PN.
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IMPARTIAL GAMES & GRUNDY NUMBERS

Combinatorial games with identical moves for both players.
Grundy numbers allow independent analysis of subpositions.

DFPN SEARCH WITH GRUNDY NUMBERS

Grundy numbers significantly reduce search complexity by
extending classical AND/OR trees with Grundy nodes.
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We adapt DFPN, a popular and memory-efficient variant of
Proof-Number Search, to work with such game trees.

SEEKING PARALLEL PROOF-NUMBER SEARCH

Several studies explored parallel Proof-Number Search in di-
verse domains, but current approaches scale poorly and sat-
urate quickly, achieving speedups below 20x on 64 cores.

Open problem: Kishimoto et al. (2012) highlighted the need
for a well-scaling, massively parallel Proof-Number Search.
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NEW PARALLEL PROOF-NUMBER SEARCH

We present PNS-PDFPN, the first well-scaling parallel variant
of Proof-Number Search for distributed-memory systems.

Key improvements:

@ Sharing computed outcomes between workers.

© Node-local worker groups with increased result sharing.
@ Second-level parallelization of workers (parallel DFPN).
@ Simple domain-specific heuristic for job selection.
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Our algorithm achieves speedup up to 332.9x on 1024 cores.

SPROUTS GAME (CONWAY & PATERSON, 1967)

Rules: Two players connect n spots with no-crossing curves;
new spot along the curve; < 3 Incident curves; no move loses.
Complexity: Game tree complexity larger than for Chess or Go.
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NEW SPROUTS RESULTS

Our parallel solver SPOTS computes outcomes of 42 new
Sprouts positions with 10,000x speedup over prior work.
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